Helicobacter typhlonius, one of the most recently identified members of this rapidly expanding genus of bacteria, was detected by polymerase chain reaction (PCR) in an animal facility and studied for tissue distribution in sentinel mice (Helicobacter-free, barrier maintained). Immunodeficient athymic nude-nu (nu/nu), Helicobacter-sensitive C3H/HeJ and Helicobacter-resistant C57BL/6J mouse strains were used to study whether Helicobacter species could spread to the sex organs and be transmitted vertically. Sentinel mice of these three strains became infected at different times after first exposure and Helicobacter was detected by PCR for a brief period in the sex organs. The potential for PCR-positive tissues from the ovary, uterus, testis and epididymis to transmit infection was investigated via in vitro fertilization (IVF), embryo transfer (ET) or ovary transplantation in immunodeficient athymic nude-nu mice and did not result in contamination of the recipient females.
Since the discovery of Helicobacter pylori (Marshall & Warren 1984) , the genus Helicobacter has expanded rapidly with the isolation of new species from humans and other animals (Vandamme et al. 1990 , Franklin et al. 1999 , Salzman et al. 2002 .
All known helicobacters live in animal hosts; colonization has been shown to be restricted to the gastrointestinal tract, where they can cause gastric, hepatic and intestinal pathology, and they have been associated with different tumours (Parsonnet 1995) .
Most rodent helicobacters colonize the large intestine and in some cases translocate to the liver and colonize the biliary system. H. hepaticus and H. bilis have received more interest because their lesions in immunocompetent (Fox et al. , 1998 and immunodeficient (Ward et al. 1996 , Shomer et al. 1997 mice mimic human inflammatory bowel disease (IBD).
Similarly, H. typhlonius causes an enteric disease characterized by mucosal hyperplasia and associated inflammation in the caecum and colon at least in immunodeficient mice (Franklin et al. 2001) .
Recently, these rodent helicobacters have been considered as important models in the study of IBD, hepatitis and Helicobacterinduced carcinogenesis in mice. They are also studied because they are widespread in rodent colonies, where they may interfere with research interpretations, and from 2002 they have been considered as potential murine pathogens according to international standards proposed by the Federation of European Laboratory Animal Science Associations (FELASA) (Nicklas et al. 2002) .
With the advent of molecular diagnostic techniques like polymerase chain reaction (PCR) designed to detect Helicobacter species, it is becoming evident that rodents are colonized by numerous known and novel Helicobacter species (Salzman et al. 2002) .
H. typhlonius is genetically most closely related to H. hepaticus, having only a 2.36% difference in the 16S rRNA gene sequence, but it has a unique intervening sequence in this gene that makes it easily recognizable by PCR (Franklin et al. 1999) .
Barrier facilities, together with a sentinel health-monitoring programme, may provide excellent protection of research animals from Helicobacter infections. Since these bacteria are difficult to cultivate, surveillance for Helicobacter infection has been carried out by using serological methods such as an enzyme-linked immunosorbent assay (ELISA) (Hodzic et al. 2001) . However, molecular detection of this pathogen with PCR is rapid, more sensitive and allows the detection of the early phases of the infection (Mahler et al. 1998) . A further enhanced sensitivity of this method is achieved with the use of nested primers.
PCR offers the advantage of detecting all Helicobacter species that can be identified with the use of restriction enzymes (Riley et al. 1996) , specific primers (Fermer et al. 2002) or sequencing; moreover, this technique can be performed on faecal pellets without needing to kill important experimental animals (Beckwith et al. 1997) .
Helicobacter transmits via faecal-oral contact, and can be transferred with soiled bedding. Husbandry practices can be used successfully to contain the spread of the infection (Whary et al. 2000) . Antimicrobial treatment can also be used successfully to eradicate Helicobacter infection even if this strategy is complex, and is not suitable when large numbers of animals must be treated (Foltz et al. 1996) .
Colony rederivation methods such as neonatal transfer, hysterectomy derivation (HD), embryo transfer (ET) and in vitro fertilization (IVF) have proven successful in eradicating pathogens from infected colonies (Reetz et al. 1988 , Suzuki et al. 1996 , Truett et al. 2000 . The last two methods offer the advantage that embryos, oocytes and sperm can be cryopreserved to maintain many mutant strains in liquid nitrogen (Nakagata 1998) . Recently, it has been shown that mouse ovaries can be cryopreserved and transplanted, giving another opportunity for gamete banking of mouse strains with breeding difficulties (Sztein et al. 1999 , Candy et al. 2000 .
We describe the distribution of H. typhlonius infection in tissues of C57BL/6J Helicobacter-resistant, C3H/HeJ Helicobacter-sensitive (Hodzic et al. 2001) and athymic nude-nu immunodeficient mice in a naturally infected animal facility. In particular, we report that the bacteria reached testes, epididymis, uteri and ovaries in all these strains at different times and for a brief period. Experiments involving IVF, ET and ovary transplantation were performed, using infected tissues.
Materials and methods

Animals and husbandry
Barrier-maintained Hsd:athymic nude-nu (nu/nu) (Pantelouris 1968) and nu/ þ mice were purchased from Harlan Italy (S Pietro al Natisone, Udine, Italy), while C3H/HeJ and C57BL/6J inbred mice were supplied by CNR-IBC barrier facility (Monterotondo Scalo, Rome, Italy), shipped in protective, filtered boxes, transported by a climatecontrolled van and acclimatized for at least three days in the vivarium prior to use.
On arrival, two randomly chosen mice of each strain were killed humanely and subjected to a complete necropsy and health monitoring. Tests were negative for all the pathogens listed in the international standards proposed by the Federation of European Laboratory Animal Science Associations (FELASA) (Nicklas et al. 2002) , and in particular for Helicobacter by serology (immunocompetent mice) and by faecal PCR.
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In order to study the tissue distribution of this microorganism, four-week-old Helicobacter-resistant C57BL/6J, Helicobacter-sensitive C3H/HeJ and immunodeficient athymic nude-nu (nu/nu) mice were introduced as sentinels to the isolator, where animals infected with H. typhlonius were maintained. PCR examination of DNA extracted from the faeces, colon, brain, stomach, spleen, lung, kidney, liver, epididymis, testis, uterus and ovary of three males and three females per strain was carried out at two-week intervals for 16 weeks following the first exposure.
Sentinels were housed three per cage as a standard condition. Stud males and males used as sperm donors were housed one per cage for at least five days before their use.
Mice were maintained by routine husbandry according to the international standards proposed by FELASA (Jennings et al. 1998) . These included a light-dark cycle of 12 h light and 12 h dark (fluorescent lighting, 250-300 lux at 1 m above floor), regulated room temperature (22721C) and relative humidity (55710%), 15-20 air changes/h (100% fresh).
Sentinels and athymic nude-nu (nu/nu) mice used as donors of infected sperm and ovaries were housed alongside infected stock in quarantine facilities in a 45-cage isolator (Harlan Isotec, Shaw's Farm, Blackthorn, UK) in Makrolon European Standard type II cages (Harlan Isotec), under negative pressure. Autoclaved heavy wood chips, packed in biodegradable food cellulose bags, were used as bedding and nesting material (Datesand, Manchester, UK). Irradiated 12 mm extruded Harlan diet 2O19 (Harlan Italy) and chlorinated (4 ppm) and filtered (0.2 mm) city water were provided in PVC bottles with stainless steel (Aisi 316) caps ad libitum. Dirty bedding was transferred weekly from the infected animal cages to the experimental cages to encourage the spread of the infection.
Helicobacter-free female nude-nu (nu/nu and nu/ þ ), used as recipients for ovarian transplantation and ET or as oocyte and embryo donors, and vasectomized males (nu/nu) used to produce pseudopregnant females were housed in a separate barrier unit in maximizer caging system IVC racks (Thoren Caging System, Hazleton, Pennsylvania, USA) in high-heat polycarbonate European Standard type II cages (Thoren Caging System), under positive pressure, with bedding and nesting material as described above.
Most mice were euthanized using a plexiglass gas chamber, prefilled with >70% carbon dioxide (CO 2 ) in air, followed by exsanguination by direct cardiac puncture. Ovary, oocyte and sperm donors were euthanized by cervical dislocation, followed by exsanguination by direct cardiac puncture.
Animal care, environmental conditions and experimental protocols were established and licensed in compliance with the Italian policy requirements (Ministry Health Authority) with respect to the use of laboratory animals for scientific purposes concerning the care and utilization of laboratory animals.
Anaesthesia, clinical observations and postoperative care
Mice were anaesthetized with a combination of 10 mg/kg of xylazine (Rompun, Bayer, Milan, Italy) plus 100 mg/kg ketamine hydrochloride (Imalgene, Merial, Milan, Italy) (Flecknell 1993 ) by intraperitoneal injection. Surgery was performed aseptically using a stereo microscope in a HEPA-filtered cabinet, and mice were placed in a warm and quiet recovery area. During the surgical procedure and the immediate postoperative period, when homeothermic response is depressed, supplemental heating was provided using an electrical pad (Dyaset s.r.l., Portomaggiore, Ferrara, Italy). After the operation, 1 mg/kg body weight of buprenorphine (Temgesic, Schering Plough, Milan, Italy) in 0.8 mL of Ringer lactate (Pierrel Medical Care, Potenza, Italy) was administered intraperitoneally to the mice for pain relief and fluid support.
Mice were observed daily for clinical signs of disease or distress, but none occurred during the study period.
Tissues for molecular analysis were collected aseptically and immediately frozen Laboratory Animals (2006) 40 in liquid nitrogen and stored at À801C. Embryos, ovaries and gametes, used for ET, ovarian transplantation and IVF, were collected as fresh samples.
Isolation of DNA and PCR
DNA of fresh or frozen mouse tissues (colon, spleen, lung, kidney, stomach, liver, epididymis, testis, uterus and ovary) and from faecal samples (Beckwith et al. 1997) was extracted with a QIAamp tissue kit (Qiagen, Italy) according to the kit protocol. PCR was performed with Helicobacter genus-specific primers H276f and H676r described by Riley et al. (1996) . Primers used for the second round of amplification were CTC CTA CGG GAG GCA GCA as forward and (H587r) CCG TCA TAA TCT TCT CTC AC as reverse.
The nested PCR products (120 bp) were visualized on 2% agarose gel. The H. typhlonius-specific primers Ht184f and Ht640r (Franklin et al. 1999) were used to confirm the Helicobacter species.
IVF, ET and ovarian transplantation
The experiments were conducted with nude-nu (nu/nu) mice after four weeks of exposure in the contaminated isolator when infected ovaries and testes had been detected. Ovaries, embryos, oocytes and sperm were collected aseptically.
Portions of the donor ovary and testis were saved for PCR when ovarian transplantation, IVF and ET were performed.
In vitro fertilization
IVF was performed using the protocol described by Sztein et al. (2000) . Twenty uninfected four-week-old Hsd:athymic nude-nu (nu/nu) females were superovulated by intraperitoneal injection of 5 IU of pregnant mare serum gonadotropin (PMSG) (Intervet, Milan, Italy), followed by 5 IU of human chorionic gonadotropin (HCG) (Intervet) 48 h later. Females were killed 12-14 h post-HCG injection and their oviducts were removed aseptically. The oviducts were washed in phosphate-buffered saline (PBS) solution and transferred under mineral oil (Sigma, Milan, Italy) in IVF dishes.
The oocyte-cumulus cell mass complexes were removed in a fertilization dish of human tubal fluid (HTF) medium (Quinn et al. 1985) and the oviducts discarded.
An aliquot of fresh sperm, prepared according to Sztein et al. (2000) from five, approximately eight-week-old athymic nude-nu (nu/nu) males with infected testes, was added to the fertilization drop and incubated in 5% CO 2 at 371C for 5 h. After that time, eggs were washed and cultured overnight in HTF under the same conditions. The next morning, the two-cell stage embryos were transferred aseptically by a transfer pipette connected to an aspirator mouthpiece with tubing into the infundibulum of the oviducts of five anaesthetized, non-infected Hsd:athymic nude-nu pseudopregnant foster mothers, 0.5 days postcoitum (dpc) (Hogan et al. 1994) . Recipients were tested four weeks after surgery by faecal PCR. Pups were tested at weaning (3 weeks of age) and recipients were tested again at the same time.
Embryo transfer
ET was performed according to the protocol described by Hogan et al. (1994) ; 20 fourweek-old infection-free Hsd:athymic nudenu (nu/nu) females were superovulated by intraperitoneal injection of 5 IU of PMSG (Intervet), followed by 5 IU of HCG (Intervet) 48 h later, and then introduced into the infected isolator and mated with infected, approximately eight-week-old nude-nu (nunu) stud males. Embryo donor females were killed 1 dpc and their oviducts were removed aseptically. The oviducts were washed in PBS solution and two-cell stage embryos were transferred aseptically as described above.
Recipients were tested four weeks after surgery by faecal PCR. Pups were tested at weaning (3 weeks of age) and recipients were tested again at the same time.
Ovarian transplantation
Ovarian transplantation was performed according to Sztein et al. (1998 approximately eight-week-old Hsd:athymic nude-nu (nu/nu) donor females were anaesthetized and both native ovaries were removed and transplanted into the ovarian bursae of Hsd:athymic uninfected nude-nu (five nu/nu and five nu/ þ ) female recipients.
As nu/nu females in general rear few offspring, in this experiment both nu/nu and nu/ þ recipients were used to ensure that the number of pups weaned was comparable to IVF and ET experiments.
Recipients were mated seven days after surgery with uninfected Hsd:athymic nudenu (nu/nu) males and tested by faecal PCR four weeks after surgery. Pups were tested at weaning (3 weeks of age) and recipients were tested again at the same time.
Results
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Sex organs in nude mice remained positive for no more than four weeks near the beginning of the exposure period and, similarly, in immunocompetent strains for no more than four weeks later in the study (Figure 1) .
Initial PCR results were checked by performing a second round of amplification with nested primers to increase the sensitivity of detection, and allowed us to detect positivity in many samples of C57BL/6J (Figure 2) .
IVF, ET and ovarian transplantation
We investigated the possibility of vertical transmission by IVF, ET and ovary transplantation only in immunodeficient nude-nu mice. We reasoned that nude animals would acquire the infection sooner than immunocompetent strains and be more likely to transmit it.
Five nu-nu females that received embryos from IVF using sperm from infected males and five receiving embryos derived from natural matings using infected males always tested negative by faecal PCR after four weeks. Likewise, five female nu/nu and five nu/ þ that received infected ovaries from Hsd:athymic nude-nu mice always tested negative by faecal PCR after four weeks.
Pups were tested at weaning (3 weeks of age) from all recipient dams and all were negative for the presence of Helicobacter (Table 2 ). Recipent dams were tested again at this time, after 7-8 weeks from the beginning of the experiment, and remained negative.
Discussion
Helicobacter species are common colonizers of the gastrointestinal tract and some species are associated with chronic gastrointestinal disease in humans and other animals. In vitro fertilization (with infected sperm) (nu/nu) (nu/nu) 1
Ovary transplantation (with infected ovaries) (nu/nu) (nu/+) 11
Ovary transplantation (with infected ovaries) (nu/nu) (nu/nu) 16
Murine helicobacters may cause no overt signs of sickness in immunocompetent rodents; however, these organisms interfere with research , Ward et al. 1994 . It has also been reported that Flexispira rappini, now considered a member of the Helicobacter family, based on 16 S ribosomal DNA sequence (Fox et al. 1995) , can cross the placenta of pregnant sheep and induce abortion (Kirkbride et al. 1985 , Bryner et al. 1987 .
Eradication of this pathogen from animal facilities with transgenic mice is important, but can be difficult and expensive, making frequent testing necessary. The development of molecular diagnostic techniques such as PCR now makes it possible to detect and identify different and novel species of Helicobacter; moreover, PCR allows rapid and sensitive detection of the pathogen compared with bacterial culture, electron microscopy, histology (Mahler et al. 1998) and serology (Hodzic et al. 2001) . We are particularly interested in microorganisms with the potential for vertical transmission.
Using PCR we detected, and confirmed by sequence, H. typhlonius in a mouse colony and then used this technique to investigate the spreading of the bacterium to sexual and other organs in Helicobacter-resistant C57BL/6J, Helicobacter-sensitive C3H/HeJ and athymic immunodeficient nude-nu sentinel mice.
It is worth noting that the main difference between the C3H/HeJ and C57BL/6J mice depended apparently only on quantitative detection. Most of the tissues of C3H/HeJ mice were positive during the first round of PCR, whereas most of the samples derived from C57BL/6J mice needed a second round of PCR with nested primers to detect and/or confirm the positivity. This could indicate a possible quantitative explanation for the different clinical and pathological sensitivity of a mouse strain.
It has been reported that different Helicobacter species (H. cinaedi, H. fennelliae Flexispira rappini) can cause disease in humans, even though they usually have other animal hosts (Kiehlbauch et al. 1995 , Sorlin et al. 1999 . These Helicobacter species are also responsible for bacteraemia (bacteria can be cultured from blood) both in humans and mice (McCathey et al. 1999) .
We speculate that helicobacters spread through a transient bacteraemia, but that microorganisms are cleared rapidly from non-target tissues and preferentially colonize specific organs; nevertheless, some other factor (quantitative and/or qualitative) may be involved in explaining why organs such as the brain, lung and kidney were negative during the study.
We then investigated the possible vertical transmission of H. typhlonius by IVF, ET and ovary transplantation using infected tissues implanted into immunodepressed nude-nu mice.
Previous findings (Scavizzi & Raspa 2004 ) on mouse hepatitis virus (MHV) indicated that at least ovary transplantation could transmit this virus. In contrast, in the case of H. typhlonius, the pathogen was never detected in nude-nu (nu/nu and nu/ þ ) recipient females after IVF, ET or infected ovary transplantation, and never in the resulting offspring.
We do not know yet if Helicobacter can be eliminated by washing the ovary, being an extracellular organism, or if there is a quantitative threshold for starting a new infection. Further studies need to be carried out to investigate whether microorganisms are present in sex organs only during bacteraemia or due to some tissue specificity. We are starting a study to look at the histological changes in different organs. At the moment, only mild signs of typhlitis were observed during the period of the study (preliminary observation).
These studies may lead also to improving the technique for cryopreservation of mouse strains, while eliminating pathogen contamination.
